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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a mobile communication system, and more 
particularly to a forward riiultiple scrambling code generating method and apparatus. 

2. Background of the Related Art 

The Third Generation Partnership Project (3GPP) was recently established to 
make a technical standard for next generation mobile communication systems. The 3GPP 
proposes having a transport channel, a physical channel, a dedicated channel, and a 
common channel as channels for downhnks. In a next generation code division multiple 
access (CDMA) mobile communication system, respective downlink physical channels 
allocated for a plurality of subscribers are distmguished from one another usmg mtrinsic 
orthogonal codes so that they can simultaneously transmit data at the same frequency. 
That is, each base station or cell of the next generation mobile communication system is 
distinguishable from other base stations or cells, based on an associated intrinsic 
scrambling code multiplied with a user bit transmitted through the physical channel 
thereof. In order to distinguish subscribers of each base station from one another, 
different channelization codes are multiplied with the respective user bjt. The reason why 



base stations or subscribers should be distinguished from one another is that the next 
generation mobile communication system is based on an asynchronous system in which 
base stations are not synchronous with one another. 

To distinguish among base stations m the next generation communication system, 
therefore, a system is employed in which each base station is allocated with an intrinsic 
scrambling code different from those of other base stations. In order to allow a flexible 
cell design, 512 intrinsic scrambling codes are set. Also, Gold codes are typically used. 

A multiple scrambling code is additionally used in the next generation mobile 
communication system to satisfy a shortage of scrambling codes caused by an increase in 
the number of subscribers. Thus, each base station transmits user signals after modulating 
them using several scrambling codes. 

The multiple scrambling code used to allow an increase in the number of 
subscribers, as mentioned above, will be described in more detail. 

The multiple scrambling code includes a primary scrambling code and a secondary 
scrambling code. The primary scrambling code are defined as a common pilot channel 
and a common control channel, for base stations, which are used for channels adapted to 
transmit base station information. Codes other than such a primary scrambling code are 
defined as the secondary scrambling code. Assuming that M secondary scrambling codes 
are used for each of N base stations, N'*'*(iVI + 1) scrambling codes are totally required for 



the system. These scrambling codes may be generated by a code generator configured as 
shown in Figure 1. 

Figure 1 is a circuit diagram illustratmg a related art scrambling code generator. 
Referring to Figure 1 , the scrambling code generator is configured to vary the initial value 
of each of shift registers 1 respectively associated with the primary and secondary 
scrambling codes while fixing the initial value of a shift register 2, associated with the shift 
register 1 to a value of "1", thereby generating a maximum of 2*^ different scrambling 
codes. 

To generate one of the N'''*(M+ 1) different scrambling codes, for example the k-th 
scrambling code, a one-to-one mapping rule is required between the initial value of the 
shift register 1 and the value of k in the code generator shown in Figure 1. If such a 
mapping rule were simpler, the calculation of the initial value based on the value of k can 
be simplified. 

For such a mapping rule between the initial value of the shift register 1 and the 
value of k, accordingly, a method may be proposed in which a binary expression of the 
value of k is used for the initial value of a gold code generator. In accordance with this 
method, N''"(M + 1) scrambling codes are sorted into a primary scrambling code set or 
secondary scrambling code sets, respectively. 

Figure 2 is a diagram illustrating a related art scrambling code sorting system. 
Referring to Figure 2, N scrambling codes, for example 0-th to 51 1-th are allocated for a 




primary scrambling code set. The remaining scrambling codes following the primary 
scrambling code set are allocated for the M secondary scrambling codes in such a fashion 
that one secondary scrambling code set consists of 511 successive scrambling codes. Thus, 
N'''(M + 1) scrambling codes are respectively sorted (N = 0, 511). 

Accordingly, the m-th secondary scrambling code set consists of (m"'512)-th, 
(m '''512+51 l)-th (m = 1, M) scrambling codes. 

In accordance with such a code sorting system, a base station, which uses the k-th 
primary scrambling code of the primary scrambling code set, should use respective k-th 
secondary scrambling codes of the secondary scrambling code sets for the secondary 
scrambling codes thereof. 

The above mentioned mapping rule and code sorting system make it possible to 
more simply set the initial value of the scrambling code generator. In other words, where 
a base station, which uses the k-th one of N primary scrambling codes (where, for 
example, N = 512), is required to generate the m-th secondary scrambling code, the initial 
value of the scrambling code generator can be simply determined by a binary expression 
of the values of k and m, without any additional calculation. 

Another scrambling code sorting system may be used m which the k-th one of 
N''*(M + 1) different scrambling codes is generated using an initial value obtained by 
shifting the initial value, used for the generation of the first scrambling code, by k-1 times. 
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For example, assuming that the initial value used for the generation of the first 
scrambling code is set with "0, 0, 0, 0, 0, 1", and the first scrambling code generated 
based on this initial value corresponds to "x(0), x(l), the initial value used for the 

generation of the k-th scrambling code corresponds to "x(16+k)5 x(15+k), , x(k+l)5 

x(k), x(k-l)" 

In this case, accordingly, a code sorting system of Figure 3 is used. In accordance 
with this code sorting system, N'^'(M + 1) scrambhng codes are sorted into a primary 
scrambling code set or secondary scrambling code sets, respectively, in such a fashion that 
the ((M+l)'''(k-l) + l)-th scrambling code is allocated for the k-th main scrambhng code 
whereas ((M + l)'"(k-l)+2)-th, and ((M + l)''"(k-l)+M+l)-th scrambling codes are 
allocated for respective secondary scrambling codes associated with the k-th primary 
scrambling code. 

This means that in a base station using the k-th primary scrambling code, the m-th 
secondary scrambling code is generated using an initial value obtained by shifting the 
initial value, used for the generation of the k-th primary scrambhng code, by m times. 

Both of the above mentioned scrambling code generating methods have various 
problems. 

For example, although the first scrambling code generating method minimizes the 
number of calculations to set the initial value upon generating a single scrambling code 
because that initial value can be simply determmed usmg the scrambling number, it 



requires two code generators for a multiple scrambling code system in which a primary 
scrambling code and a secondary scrambling code are simultaneously generated. Such a 
multiple scrambling code system cannot be implemented using a single code generator. 

Generally, a user element should simultaneously receive a common pilot channel 
and a data channel. In a specific user element in which its data channel is to be 
transmitted in a state modulated with a secondary scrambhng code, it is necessary to 
simultaneously generate primary and secondary scrambling codes in order to 
simultaneously detect control information and data. In such a user element using two 
code generators for the simultaneous generation of primary and secondary scrambling 
codes, there is a problem in that the size and power consumption of the user element 
increase. This also results in an enlargement of the system configuration, thereby causing 
an increase in the hardware overhead. 

In the second scrambling code generating method using a scrambling code sorting 
system in which an initial value associated with the k-th one of N'*''(M + 1) different 
scrambling codes is obtained by shifting the initial value, used for the generation of the 
first scrambling code, by (M + l)''k-l times, the number of calculations need to set the 
initial value increases greatly in accordance with an increase m the value of k. This results 
in a time delay in the system. 



The above references are incorporated by reference herein where appropriate for 
appropriate teachings of additional or alternative details, features and/or technical 
background. 

SUMMARY OF THE INVENTION 

An object of the invention is to solve at least the above problems and/or 
disadvantages and to provide at least the advantages described hereinafter. 

An object of the present invention is to provide a method and system for 
generating a forward multiple scrambhng code. 

Another object of the present invention is to provide a method and system capable 
of simultaneously generating a primary scrambling code and a secondary scrambling code 
using a single code generator in a system in which a basic station uses a plurality of 
scrambling codes to increase the number of subscribers. 

Another object of the invention is to provide a forward multiple scrambling code 
generating method and apparatus capable of simultaneously generating a primary 
scrambling code and a secondary scrambling code using a single code generator while 
simplifying an initial code value setting carried out in the code generator. 

To achieve at least the above stated objects in whole or in parts, there is provided 
a forward multiple scrambling code generating method in a communication system, in 
which each of a number of base stations uses an associated one of primary scrambhng 



codes and an associated one of secondary scrambling code sets each consisting of a 
plurality of secondary scrambling codes, comprising the steps of: when an n-th one of the 
primary scrambling codes is to be generated from a generator adapted to generate the 
scrambling codes, setting an initial value of the scrambling code generator with a binary 
value of "n", thereby generating a desired primary scrambling code; and when an n-th one 
of the secondary scrambling codes in an m-th one of the secondary scrambling code sets 
is to be generated from the scrambling code generator, setting an initial value of the 
scrambling code generator with a value obtained by shifting the n-th primary scrambling 
code by m times, thereby generating a desired secondary scrambling code. 

Preferably, the initial value of the scrambling code generator adapted to generate 
the n-th primary scrambling code is set by setting the 7-th and 1 1-th ones of bits, included 
in the initial value, with a value of 1, setting the first through 10-th ones of the bits, except 
for the 7-th and 11-th bits, with a binary expression of "n" consisting of different 8 bits, 
respectively, and setting the remaining ones of the bits, other than the first through 1 1-th 
bits, with a value of "0". 

To further achieve at least the above stated objects in whole or in parts, there is 
provided a forward multiple scrambling code generating apparatus that includes a first 
shift register for shifting bits of a bit stream by one bit in response to every inputting of 
an external unit clock, respectively, thereby outputting data for the generation of a 
primary scrambling code; a second shift register for shifting bits of a bit stream by one bit 



in response to every inputting of an external unit clock, respectively, thereby outputting 
data for the generation of a secondary scrambling code as well as the primary scrambling 
code; a masking function unit for receiving respective outputs from the first and second 
shift registers, and carrying out a masking function for the received data, thereby 

5 outputting data for the generation of the secondary scrambling code; the primary 
scrambhng code being generated in accordance with a binary addition of the output from 
the second shift register to the output from the first shift register; and the secondary 

Q scrambling code being generated in accordance with a binary addition of the output from 

J=j] the masking function unit to the output from the second shift register. 
IQn To further achieve at least the above stated objects in whole or in parts, there is 

provided a method of generating multiple scrambling codes in a communication system, 

m in which each of a plurality of base stations uses one of a plurality of primary scrambling 

y] codes and one of a plurality of secondary scrambling code sets each having a plurality of 

til 

secondary scrambling codes, including setting an initial value of a scrambling code 
15 generator to a binary value of "n" when a n-th one of the plurality of primary scrambling 
codes is to be generated from the scrambling code generator to generate a desired primary 
scrambhng code, and setting an initial value of the scrambling code generator with a value 
obtained by shifting the n-th primary scrambling code by m times to generate a secondary 
scrambling code. 
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To further achieve at least the above stated objects in whole or in parts, there is 
provided a method of generating muhiple scrambling codes, including generating a 
plurality of primary scrambling codes, for each of the plurality of primary scrambling 
codes, generating a plurality of secondary scrambling codes by shifting the selected 
primary scrambling code by prescribed numbers of times, comparing each of the plurality 
of primary.scrambling codes to an initial value of each of the secondary scrambling codes; 
and discarding each one of the primary scrambling codes that has a value equal to the 
secondary scrambling codes. 

To further achieve at least the above stated objects in whole or in parts, there is 
provided a forward multiple scrambling code generating apparatus, including a first shift 
register, which shifts bits of a bit stream by one bit in response to every input of an 
external unit clock, respectively, and outputs data for the generation of a primary 
scrambling code, a second shift register, which shifts bits of a bit stream by one bit in 
response to every input of an external unit clock, respectively, and outputs data for the 
generation of the primary scrambling code and a secondary scrambling code, a masking 
function unit, which receives respective outputs from the first and second shift registers, 
and performs a masking function for the received data to output data for the generation 
of the secondary scrambling code, wherein the primary scrambling code is generated by 
performing a binary addition of the output from the second shift register to an output 
from the first shift register, and the secondary scrambling code is generated by 
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performing a binary addition of the output from the masking function unit to the output 
from the second shift register. 

To further achieve at least the above stated objects in whole or in parts, there is 
provided a code generating apparatus, including a first shift register, which outputs a first 
register output, a second shift register, which outputs a second register output, and a 
masking function unit, coupled to receive the first and second register outputs, and output 
a masking output, wherein the first register output and the second register output are 
combined to generate a primary scrambling code, and the second register output and the 
masking output are combined to generate a secondary scrambling code. 

To further achieve at least the above stated objects in whole or in parts, there is 
provided a method of generating multiple scrambling codes in a communication system, 
including generating a primary scrambling code by setting an initial value of a scrambling 
code to a binary value of "n" when a n-th one of the plurality of primary scrambling codes 
is to be generated, and generating an n-th secondary scrambling code set correspondmg 
to the n-th primary scrambling code by shifting the n-th primary scrambling code by each 
of 0 through M times, wherein M is a number of secondary codes in the secondary code 
set. 

Preferably, the first shift register has a configuration of 18 bits in which a value 
obtained after a binary addition of an output from the digit of a 0-th one of the 1 8 bits to 
an output from the digit of a 7-th one of the 18 bits is fed back to the digit of a 17-th one 
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of the 18 bits. The second shift register preferably has a configuration of 18 bits in which 
a value obtained after a binary addition of outputs from respective digits of an 0-th one, 
a 5-th one, a 7-th one, and a 10-th one of the 18 bits is fed back to the digit of a 17-th one 
of the 18 bits. 

5 Additional advantages, objects, and features of the invention will be set forth in 

part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from 
.„ practice of the invention. The objects and advantages of the invention may be realized 
m and attained as particularly pointed out in the appended claims. 

I ; S ' 

4. 3 

Cm 

1(% BRIEF DESCRIPTION OF THE DRAWINGS 

vt The invention will be described in detail with reference to the following drawings 

[ii in which like reference numerals refer to like elements wherein: 

^-=^ Figure 1 is a circuit diagram illustrating a related art scrambling code generator; 

Figures 2 and 3 are diagrams respectively illustratmg related art scrambling code 
1 5 sorting systems; 

Figure 4 is a circuit diagram illustrating a forward multiple scrambling code 
generating apparatus according to a preferred embodiment of the present invention; 
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Figure 5 is a diagram illustrating a scrambling code sorting system used in a forward 
scrambling code generating method according to a preferred embodiment of the present 
invention; 

Figure 6 is a flow chart illustrating a procedure for setting the initial value of a 
scrambling code generator in accordance with a preferred embodiment of the scrambling 
code generating method of the present invention; and 

Figures 7 and 8 are tables of initial values for the generation of primary and 
secondary scrambling codes used in the scrambling code generating apparatus of Figure 
1, respectively. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Referring to Figure 4, a forward multiple scrambling code generating apparatus 
according to a preferred embodiment of the present invention is illustrated. As shown 
in Figure 4, the apparatus includes a first shift register 401 for shifting bits of a bit stream 
by one bit in response to every inputting of an external unit clock, respectively. The first 
shift register 401 outputs data for the generation of a primary scrambling code. The 
apparatus also includes a second shift register 402 for shifting bits of a bit stream by one 
bit in response to an external unit clock, respectively, and outputs data for the generation 
of primary and secondary scrambling codes. 
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A masking function unit 403 is coupled to both the first and second shift registers 
401 and 402. The masking function unit receives respective outputs from the first and 
second shift registers 401 and 402, and carries out a masking function for the received data, 
and outputs data for the generation of the secondary scrambhng code. 

In a preferred embodiment, the first shift register 401 consists of 18 bits. A value 
obtained after a binary addition of an output from the digit of the 0-th bit to an output 
from the digit- of the 7-th bit is fed back to the digit of the 17-th bit. The second shift 
register 402 consists of 18 bits. A value obtained after a binary addition of outputs from 
respective digits of the 0-th, 5-th, 7-th, and 10-th bits is fed back to the digit of the 17-th 
bit. 

The primary scrambling code is preferably obtained by a binary addition of an 
output from the second shift register 402 to an output from the first shift register 401. 
The secondary scrambling code is preferably obtamed by a bmary addition of the output 
from the second shift register 402 to an output from the masking function unit 403. 

Figure 5 is a diagram illustrating a scrambling code sorting system used in a 
scrambling code generating method according to a preferred embodiment of the present 
invention. This scrambling code sorting system has a two-dimensional code array. 

The scrambling code generating apparatus uses a mapping rule in which an initial 
value associated with the n-th primary scrambling code to be generated is set with a value 
simply converting the value of n. The n-th secondary scrambling code of the m-th 
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secondary scrambling code set is generated using an initial value set with a value obtained 
after shifting the n-th primary scrambling code by m times. It is thus possible to achieve 
a simple initial value setting of the code generator using the primary scramling codes. 
Also, in accordance with the sorting system for secondary scrambling codes, associated 
code shift characteristics, and the configuration of the scrambling code generating 
apparatus shown in Figure 4, the main scrambling code used in a base station and the m-th 
secondary scrambling code are simultaneously generated using the following masking 
function: 

if m = 1, "0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0" 
if m = 2, "0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0^^ 
if m = 3, "0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0" 



if m - 15, "0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0" 

if m = 1 6, "0, 1 ,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0" 
In this example, the number of primary scrambhng codes is N (N = 512), while 
the number of secondary scrambling code sets is M. A mapping rule is thus required 
between the initial value associated with the generation of an n-th primary scrambling 
code and the binary expression of the value of n in order to allow respective initial values, 
associated with the generation of 512'''(TvI + l) scrambling codes, to be different from one 
another. 
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A mapping rule applied to the scrambling code generating method according to a 
preferred embodiment of the present invention will be described with reference to Figure 
6. Referring to Figure 6, the temporal primary scrambling codes are first set, the number 
of which is more than the number of required primary scrambling codes. For example, 
5 where the number of required primary scrambling codes is N (N = 512), P (P = 1,024 or 
2,084) temporal primary scrambling codes are set. That is, the initial value of an n-th (n 
= 1, P) temporal primary scrambling code is set to have a value of n, taking into 
consideration the number of temporal primary scrambling codes, as shown in Step 601. 

r ji Thereafter, respective initial values, which are set for the generation of P secondary 

Ui 

lCr;J scrambling codes in the first secondary scrambling code set, are calculated. This 
^ calculation is performed using results obtained by shifting an associated one of the 
u temporal primary scrambling codes one time on the basis of the definition of secondary 

scrambling codes, as shown in step 602. 
Q Based on the set and calculated initial values, the secondary scrambling codes in the 

1 5 first secondary scrambling code set are detected. Each of these codes has the same initial 
value as one of the temporal primary scrambling codes, as shown in Step 603. Where the 
initial value of the i-th secondary scrambling code corresponds to that of the j-th temporal 
primary scrambling code, the j-th temporal primary scrambling code or the i-th temporal 
primary scrambling code is excluded from the temporal primary scrambling code set, as 
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shown in Step 604, Step 605 shows that the above procedure from step 601 to step 604 
is then repeatedly executed up to the M-th secondary scrambHng code set. 

After the repeated execution of the above procedure, the temporal primary 
scrambhng code set contains temporal primary scrambling codes that are reduced in 
5 number from the initially set P temporal primary scrambling codes. If M is an 
appropriate size, the number of codes in the final temporal primary scrambling code set 
is thus more than N. Specifically, it is the number of required primary scrambling codes. 
Accordingly, N codes are selected from the final temporal primary scrambling code 

In 

Cn set so that they are used as primary scrambling codes. In this case, taking into 
IQJ? consideration the condition in which the j-th scrambling code of the final temporal 

Co primary scrambling code set may be selected as the n-th primary scrambling code, it is 
necessary to establish a simple mapping rule between "n" and "j". That is, the values of 

Ln "n" and "j" are mapped to set the value of "j" as the initial value for the generation of the 
n-th primary scrambling code. 
1 5 Figures 7 and 8 illustrate examples of initial values set in accordance with the above 

mentioned mapping rule for the generation of primary and secondary scrambling codes. 
In this example, the number of primary scrambling codes, N, is 512, and the number of 
secondary scrambling code sets, M, is 1 6. The initial values described in Table 1 of Figure 
7 and the initial values described in Table 2 of Figure 8 each have the same effect as the 
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other. Accordingly, the following description will be made only in conjunction with 
Table 1 of Figure 7. 

Assuming that "ng, rij^ , nj, no" is a binary expression of "n" (n = 0, 511), the 

initial value for an n-th primary scrambling code can be expressed by "0, 0, 0, 0, 1, ng, 
iiyy n^, 1, n5, Uj, no", as shown in Table 1 of Figure 7. That is, the initial value adapted 
to generate the n-th primary scrambling code is set by setting the 7-th and 1 1-th ones of 
bits, included in the initial value, to a value of 1, setting the first through 10-th ones of 
those bits, except for the 7-th and 11-th bits, to a binary expression of "n" consisting of 
eight (8) different bits, respectively, and setting the remaining bits, other than the first 
through 11-th bits, to a value of "0". 

Also, the initial value of a n-th secondary scrambling code in a m-th (m = 1, , 

16) secondary scrambling code set is set with a value obtained by shifting the n-th primary 
scrambling code by m times. The results are depicted in Figure 7 (Table 1). The mapping 
rule shown in Table 1 can be applied to an expanded case, in which the number of 
secondary scrambling code sets, M, is increased up to 24. In this case, all the 512'''*25 
scrambling codes are different from one another. 

As can be seen, the initial value for the generation of scrambling codes is set using 
the code number of an associated primary scrambling code, as shown, for example in 
Table 1. Also, initial values for the generation of respective n-th secondary scrambling 
codes of the secondary scrambling code sets, that is, respective secondary scrambling codes 
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associated with the n-th primary scrambling code, are set using values respectively- 
obtained by shifting the n-th primary scrambling code by one time, 2 times, N times, 
as further shown in Table 1 . 

The present invention provides, at a minimum, a forward multiple scrambling code 

5 generating method and apparatus capable of simultaneously generating a primary 
scrambhng code and a secondary scrambling code using a single code generator. This can 
be used, for example, when a particular base station is required to generate those 
scrambling codes in a simultaneous fashion. Accordingly, the present invention provides 

01 advantages in that the manufacturing costs and load are reduced. It is also possible to 
lOsf: reduce the size and power consumption of user elements. Since the initial value required 

fh for the generation of a particular primary scrambling code corresponds to the code 
number of the primary scrambling code, and is therefore known, it is possible to greatly 

CO 

m reduce the amount of calculations needed to set the initial values required for the 
generation of scrambling codes. Thus, there is an advantage in that it is possible to greatly 
15 reduce a time delay involved in conventional cases due to a large amount of calculation 
for the setting of initial values. 

The foregoing embodiments and advantages are merely exemplary and are not to 
be construed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The description of the present invention is intended 
20 to be illustrative, and not to limit the scope of the claims. Many alternatives, 
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modifications, and variations will be apparent to those skilled in the art. In the claims, 
means-plus-function clauses are intended to cover the structures described herein as 
performing the recited function and not only structural equivalents but also equivalent 
structures. 



